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63% of the colon tumors analyzl^In contrast, WISP-l mapped to huma^^omosome 20ql2-20ql3 
and its DNA was amplified, but RNA expression was reduced (2- to >30-fold) in 79% of the tumors. 
These results suggest that the WISP genes may be downstream of Wnt-1 signaling and that aberrant 
levels of WISP expression in colon cancer may play a role in colon tumorigenesis. 

^ INTRODUCTION 





Top 




Abstract 


■ 


Introduction 




Materials & Methods 




Results 




Discussion 




References 



Wnt-1 is a member of an expanding family of cysteine-rich, glycosylated 
signaling proteins that mediate diverse developmental processes such as the 
control of cell proliferation, adhesion, cell polarity, and the establishment of 
cell fates (1,2). Wnt-1 originally was identified as an oncogene activated by 
the insertion of mouse mammary tumor virus in virus-induced mammary 
adenocarcinomas (3, 4). Although Wnt-1 is not expressed in the normal 
manunary gland, expression of Wnt-1 in transgenic mice causes mammary tumors (5). 

In mammalian cells, Wnt family members initiate signaling by binding to the seven-transmembrane 
spanning Frizzled receptors and recruiting the cytoplasmic protein Dishevelled (Dsh) to the cell 
membrane (1,2, 6). Dsh then inhibits the kinase activity of the normally constitutively active glycogen 
synthase kinase-3p (GSK-3p) resulting in an increase in p-catenin levels. Stabilized p-catenin interacts 
with the transcription factor TCF/Lefl , forming a complex that appears in the nucleus and binds 
TCF/Lefl target DNA elements to activate transcription (7, 8). Other experiments suggest that the 
adenomatous polyposis coli (APC) tumor suppressor gene also plays an important role in Wnt signaling 
by regulating p-catenin levels (9). APC is phosphorylated by GSK-3p, binds to p-catenin, and facilitates 
its degradation. Mutations in either APC or p-catenin have been associated with colon carcinomas and 
melanomas, suggesting these mutations contribute to the development of these types of cancer, 
implicating the Wnt pathway in tumorigenesis (p. 

Although much has been learned about the Wnt signaling pathway over the past several years, only a 

few of the transcriptionally activated downstream components activated by Wnt have been 

characterized. Those that have been described cannot account for all of the diverse functions attributed 

to Wnt signaling. Among the candidate Wnt target genes are those encoding the nodal-related 3 gene, 

Xnr3^ a member of the transforming grov^h factor (TGF)-p superfamily, and the homeobox genes, 

engrailed^ goosecoidy twin (Xtwn)^ and siamois (2). A recent report also identifies c-myc as a target gene 
of the Wnt signaling pathway (10). 

To identify additional downstream genes in the Wnt signaling pathway that are relevant *o tiie 
transformed cell phenotype, we used a PCR-based cDNA subtraction strategy, suppression subtractive 
hybridization (SSH) (11), using RNA isolated from C57MG mouse mammary epithelial cells and 
C57MG cells stably transformed by a Wnt-1 retrovirus. Overexpression of Wnt-1 in this cell line is 
sufficient to induce a partially transformed phenotype, characterized by elongated and refractile cells 
that lose contact inhibition and form a multilayered array (12, 13). We reasoned that genes differentially 
expressed between these two cell lines might contribute to the transformed phenotype. 



In this paper, we describe the cl^^g and characterization of two genes ^l^egxxlated in Wnt-1 
transformed cells, WlSP-I md WISP'2, and a third related gene, WISPS. The WISP genes are members 
of the CCN family of growth factors, which includes connective tissue growth factor (CTGF), Cyr61, 
and nov, a family not previously linked to Wnt signaling. 

^ MATERIALS AND METHODS 



SSH. SSH was performed by using the PCR-Select cDNA Subtraction Kit 
(CLONTECH). Tester double-stranded cDNA was synthesized from 2 ^g of 
poly(A)^ RNA isolated from the C57MG/Wnt-1 cell line and driver cDNA 
from 2 \i% of poly(A)^ RNA from the parent C57MG cells. The subtracted 
cDNA library was subcloned into a pGEM-T vector for fiulher analysis. 
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cDNA Library Screening. Clones encoding fiiU-length mouse WISP-1 were isolated by screening a 
\gtlO mouse embryo cDNA library (CLONTECH) with a 70-bp probe from the original partial clone 
568 sequence corresponding to amino acids 128-169. Clones encoding full-length human WISP- 1 were 
isolated by screening \gtlO lung and fetal kidney cDNA libraries with the same probe at low stringency. 
Clones encoding full-length mouse and human WISP-l were isolated by screening a C57MG/Wnt-1 or 
human fetal lung cDNA library with a probe corresponding to nucleotides 1463-1512. Full-length 
cDNAs encoding WISPS were cloned from human bone marrow and fetal kidney libraries. 

Expression of Human WISP RNA. PCR amplification of first-strand cDNA was performed with 
human Multiple Tissue cDNA panels (CLONTECH) and 300 ^iM of each dNTP at 94°C for 1 sec, 62°C 
for 30 sec, 72°C for 1 min, for 22-32 cycles. WISP and glyceraldehyde-3-phosphate dehydrogenase 
primer sequences are available on request. 

In Situ Hybridization. -^-^P-labeled sense and antisense riboprobes were transcribed from an 897-bp 
PCR product corresponding to nucleotides 601-1440 of mouse WISP-l or a 294-bp PCR product 
corresponding to nucleotides 82-375 of mouse WISP-l. All tissues were processed as described (40). 

Radiation Hybrid Mapping. Genomic DNA from each hybrid in the Stanford G3 and Genebridge4 
Radiation Hybrid Panels (Research Genetics, Huntsville, AL) and human and hamster control DNAs 
were PCR-amplified, and the results were submitted to the Stanford or Massachusetts Institute of 
Technology web servers. 

Cell Lines, Tumors, and Mucosa Specimens. Tissue specimens were obtained from the Department of 
Pathology (University of Pittsburgh) for patients undergoing colon resection and from the University of 
Leeds, United Kingdom. Genomic DNA was isolated (Qiagen) from the pooled blood of 1 0 normal 
human donors, surgical specimens, and die following ATCC human cell lines; SW480, COLO 320DM, 
HT-29, WiDr, and SW403 (colon adenocarcinomas), SW620 (lymph node metastasis, colon 
adenocarcinoma), HCT 1 16 (colon carcinoma), SK-CO-1 (colon adenocarcinoma, ascites), and HM7 (a 
variant of ATCC colon adenocarcinoma cell line LS 174T). DNA concentration was determined by 
using Hoechst dye 33258 intercalation fluorimetry. Total RNA was prepared by homogenization in 7 M 
GuSCN followed by centrifugation over CsCl cushions or prepared by using RNAzol. 



Gene Amplification and RNA Wpression Analysis. Relative gene am^^cation and RNA expression 
of WISPs and c-myc in the cell lines, colorectal tumors, and normal mucosa were determined by 
quantitative PGR. Gene-specific primers and fluorogenic probes (sequences available on request) were 
designed and used to amplify and quantitate the genes. The relative gene copy number was derived by 
using the formula 2^^^^^ where ^Ct represents the difference in amplification cycles required to detect 
the WISP genes in peripheral blood lymphocyte DNA compared with colon tumor DNA or colon tumor 
RNA compared with normal mucosal RNA. The g-method was used for calculation of the SE of the gene 
copy number or RNA expression level. The W75P-specific signal was normalized to that of the 
glyceraldehyde-3-phosphate dehydrogenase housekeeping gene. All TaqMan assay reagents were 
obtained from Perkin-Elmer Applied Biosystems. 

^ RESULTS 
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Isolation of MSP-l and mSP'2 by SSH. To identify Wnt-1 -inducible 
genes, we used the technique of SSH using the mouse mammary epithelial cell 

line C57MG and C57MG cells that stably express Wnt-1 (U). Candidate 

differentially expressed cDNAs (1,384 total) were sequenced. Thirty-nine 

percent of the sequences matched known genes or homologues, 32% matched 

expressed sequence tags, and 29% had no match. To confirm that the 

transcript was differentially expressed, semiquantitative reverse transcription-PCR and Northern 

analysis were performed by using mRNA from the C57MG and C57MG/Wnt-1 cells. 

Two of the cDNAs, WISP-l and WISP'2, were differentially expressed, being induced in the 
C57MGAVnt-l cell line, but not in the parent C57MG cells or C57MG cells overexpressing Wnt-4 (Fig. 
1 A and B), Wnt-4, unlike Wnt-1, does not induce the morphological transformation of C57MG cells and 
has no effect on p-catenin levels (13, 14). Expression of WISP-l was up-regulated approximately 3-fold 
in the C57MG/Wnt-1 cell line and WISP-l by approximately 5-fold by both Northern analysis and 
reverse transcription-PCR. 
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Fig. 1. WISP- 1 and WISP-2 are induced by Wnt- 1 , but not 
Wnt-4, expression in C57MG cells. Northern analysis of 
WISP'l {A) and WISP-l {B) expression in C57MG, 

C57MG/Wnt.l, and C57MGAVnt-4 cells. Poly(A)^ RNA 
(2 |ig) was subjected to Northern blot analysis and hybridized 
with a 70-bp mouse >f7iS'/^-7-specific probe (amino acids 278- 
300) or a 190-bp Pf75P-2-specific probe (nucleotides 1438- 
1627) in the 3' untranslated region. Blots were rehybridized 
with human p-actin probe. 



An independent, but similar, system was used to examine WISP expression after Wnt-1 induction 
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gene under the control of a tetracycline-repressible promoter produce 
low amounts of Writ- 1 in the repressed state but show a strong induction of Wnt-l mRNA and protein 
within 24 hr after tetracycline removal (8). The levels of Wnt-1 and WISP RNA isolated from these cells 
at various times after tetracycline removal were assessed by quantitative PGR. Strong induction of Wnt- 
1 mRNA was seen as early as 10 hr after tetracycline removal. Induction of WISP mRNA (2- to 6-fold) 
was seen at 48 and 72 hr (data not shown). These data support our previous observations that show that 
WISP induction is correlated with Wnt-1 expression. Because the induction is slow, occurring after 
approximately 48 hr, the induction of WISPs may be an indirect response to Wnt-1 signaling. 

cDNA clones of human WISP-1 were isolated and the sequence compared with mouse WISP- 1 . The 
cDNA sequences of mouse and human WISP-1 were 1,766 and 2,830 bp in length, respectively, and 
encode proteins of 367 aa, with predicted relative molecular masses of ;^0,000 (A/ 40 K). Both have 

hydrophobic N-terminal signal sequences, 38 conserved cysteine residues, and four potential N-linked 
glycosylation sites and are 84% identical (Fig. 2A), 
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Fig. 2. Encoded amino acid sequence alignment of mouse 
and human WISP- 1 (^) and mouse and human WISP-l (B). 
The potential signal sequence, insulin-like growth factor- 
binding protein (IGF-BP), VWC, thrombospondin (TSP), and 
C-terminal (CT) domains are underlined. 
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Full-length cDNA clones of mouse and human WISP-l were 1,734 and 1,293 bp in length, respectively, 
and encode proteins of 25 1 and 250 aa, respectively, with predicted relative molecular masses of 
-5^27,000 (M^ 27 K) (Fig. 25). Mouse and human ^^75^-2 are 73% identical Human WISP'2 has no 

potential N-linked glycosylation sites, and mouse WISP'2 has one at position 197. WISP'2 has 
28 cysteine residues that are conserved among the 38 cysteines found in WISP-L 

Identification of WISPS. To search for related proteins, we screened expressed sequence tag (EST) 
databases with the WISP-1 protein sequence and identified several ESTs as potentially related 

« 

sequences. We identified a homologous protein that we have called WISP-3. A full-length human WISP- 
3 cDNA of 1,371 bp was isolated corresponding to those ESTs that encode a 354-aa protein with a 
predicted molecular mass of 39,293. WISP-3 has two potential N-linked glycosylation sites and 
36 cysteine residues. An alignment of the three human WISP proteins shows that WISP-1 and WISP-3 
are the most similar (42% identity), whereas WISP-2 has 37% identity with WISP-1 and 32% identity 



with WlSP-3 (Fig. 3^). 
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Fig. 3. (A) Encoded amino acid sequence alignment of human 
WlSPs. The cysteine residues of WISP-1 and WISP-2 that are not 
present in WISP-3 are indicated with a dot. (5) Schematic 
representation of the WISP proteins showing the domain structure and 
cysteine residues (vertical lines). The four cysteine residues in the 
VWC domain that are absent in WISP-3 are indicated with a dot. (C) 
Expression of WISF mRNA in human tissues. PGR was performed on 
human multiple-tissue cDNA panels (CLONTECH) from the 
indicated adult and fetal tissues. 
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WISPs Are Homologous to the CTGF Family of Proteins. Human WISP-1, WISP-2, and WISPS are 
novel sequences; however, mouse WISP-1 is the same as the recently identified Elml gene. Elml is 
expressed in low, but not high, metastatic mouse melanoma cells, and suppresses the in vivo growth and 
metastatic potential of K-1735 mouse melanoma cells (15). Human and mouse WISP-2 are homologous 
to the recently described rat gene, rCop-1 (16). Significant homology (36-44%) was seen to the CCN 
family of growth factors. This family includes three members, CTGF, Cyr61, and the protooncogene 
nov. CTGF is a chemotactic and mitogenic factor for fibroblasts that is implicated in wound healing and 
fibrotic disorders and is induced by TGF-p (17). Cyr61 is an extracellular matrix signalmg molecule that 
promotes cell adhesion, proliferation, migration, angiogenesis, and tumor growth (18, 19). nov 
(nephroblastoma overexpressed) is an immediate early gene associated with quiescence and found 
altered in Wihns tumors (20). The proteins of the CCN family share functional, but not sequence, 
similarity to Wnt-1. All are secreted, cysteine-rich heparin binding glycoproteins that associate with the 
cell surface and extracellular matrix. 

WISP proteins exhibit the modular architecture of the CCN family, characterized by four conserved 
cysteine-rich domains (Fig. 38) (21). The N-terminal domain, which includes the first 12 cysteine 
residues, contains a consensus sequence (GCGCCXXC) conserved in most insulin-like growth factor 
(IGF)-binding proteins (BP). This sequence is conserved in WISP-2 and WISP-3, whereas WISP-1 has a 
glutamine in the third position instead of a glycine. CTGF recenUy has been shown to specifically bind 
IGF (22) and a truncated nov protein lacking the IGF-BP domain is oncogenic (23). The von Willebrand 
factor^pe C module (VWC), also found in certain coUagens and mucins, covers the next 10 cysteine 
residues, and is thought to participate in protein complex formation and oligomerization (24). The VWC 
domain of WISP-3 differs from all CCN family members described previously, in that it contains only 
six of the 10 cysteine residues (Fig. 3 .4 and B). A short variable region follows the VWC domain. The 
third module, the thrombospondin (fSP) domain is involved in binding to sulfated glycoconjugates and 



contains six cysteine residues andlreonserved WSxCSxxCG motif first id^fied in thrombospondin 
(25). The C-terminal (CT) module containing the remaining 10 cysteines is thought to be involved in 
dimerization and receptor binding (26). The CT domain is present in all CCN family members described 
to date but is absent in WISP-2 (Fig. 3 ^ and B). The existence of a putative signal sequence and the 
absence of a transmembrane domain suggest that WISPs are secreted proteins, an observation supported 
by an analysis of their expression and secretion from mammalian cell and baculovirus cultures (data not 
shown). 

Expression of HISP mRNA in Human Tissues. Tissue-specific expression of human WISPs was 
characterized by PCR analysis on adult and fetal multiple tissue cDNA panels. JVJSP-J expression was 
seen in the adult heart, kidney, lung, pancreas, placenta, ovary, small intestine, and spleen (Fig. 3C). 
Little or no expression was detected in the brain, liver, skeletal muscle, colon, peripheral blood 
leukocytes, prostate, testis, or thymus. WISP-2 had a more restricted tissue expression and was detected 
in adult skeletal muscle, colon, ovary, and fetal lung. Predominant expression of WISPS was seen in 
adult kidney and testis and fetal kidney. Lower levels of WISPS expression were detected in placenta, 
ovary, prostate, and small intestine. 

In Situ Localization of WISP-I and WISP-2. Expression of WISP-I and WISP-2 was assessed by in 
situ hybridization in manunary tumors from Wnt-1 transgenic mice. Strong expression of WISP-I was 
observed in stromal fibroblasts lying within the fibrovascular tumor stroma (Fig. 4 A-D). However, low- 
level WISP-1 expression also was observed focally within tumor cells (data not shown). No expression 
was observed in normal breast. Like WISP-I, WISP-2 expression also was seen in the tumor stroma in 
breast tumors from Wnt-1 transgenic animals (Fig. 4 E-H). However, WISP-2 expression in the stroma 
was in spindle-shaped cells adjacent to capillary vessels, whereas the predominant cell type expressing 
WISP-I was the stromal fibroblasts. 
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Fig. 4. {A, C, E, and G) Representative hematoxylin/eosin-stained 
images from breast tumors in Wnt-1 transgenic mice. The 
corresponding dark-field images showing WISP-1 expression are 
shown in B and D. The tumor is a moderately well-differentiated 
adenocarcinoma showing evidence of adenoid cystic change. At low 
power (A and 5), expression of WISP-I is seen in the delicate 
branching fibrovascular tumor stroma (arrowhead). At higher 
magnification, expression is seen in the stromal(s) fibroblasts (C and 
£>), and tumor cells are negative. Focal expression of WISP-I, 
however, was observed in tumor cells in some areas. Images of WISP- 
2 expression are shown in E-H. At low power {E and F), expression of 
WISP-2 is seen in cells lying within the fibrovascular tumor stroma. 
At higher magnification, these cells appeared to be adjacent to 
capillary vessels whereas tumor cells are negative (G and H). 



Chromosome Localization of the WISP Genes. The chromosomal location of the human WISP genes 
was determined by radiation hybrid mapping panels. WISP-1 is approximately 3.48 cR from the meiotic 



marker AFM2S9xcS [logarithm of odds (lod) score 16.31] on chromosome 8q24. 1 to 8q24.3, in the same 

region as the human locus of the novH family member (27) and roughly 4 Mbs distal to c-myc (28). 

Preliminary fine mapping indicates that WISP- 1 is located near D8S1712 STS. WISP'2 is linkedto the 

marker SHGC-33922 (lod = 1,000) on chromosome 20ql2-20ql3.1. Human WISP-3 mapped to 

chromosome 6q22-6q23 and is linked to the marker AFM21 lze5 (lod = 1,000). WISP-3 is 

approximately 1 8 Mbs proximal to CTGF and 23 Mbs proximal to the human cellular oncogene MYB 
(27, 29). 

Amplification and Aberrant Expression of WISPs in Human Colon Tumors. Amplification of 
protooncogenes is seen in many human tumors and has etiological and prognostic significance. For 

example, in a variety of tumor types, c-myc amplification has been associated with malignant 

progression and poor prognosis (30). Because WISP-I resides in the same general chromosomal location 

(8q24) as c-myc, we asked whether it was a target of gene amplification, and, if so, whether this 

amplification was independent of the c-myc locus. Genomic DNA fi^om human colon cancer cell lines 

was assessed by quantitative PCR and Southem blot analysis. (Fig. 5 A and B). Both methods detected 

similar degrees of WISP-1 amplification. Most cell lines showed significant (2- to 4-fold) amplification, 

with the HT-29 and WiDr cell lines demonstrating an 8-fold increase. Significantly, the pattem of 

amplification observed did not correlate with that observed for c-myc, indicating that the c-myc gene is 
not part of the amplicon that involves the WISP-1 locus. 
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Fig. 5. Amplification of WISP-l genomic DNA in colon 
cancer cell lines. {A) Amplification in cell line DNA was 
determined by quantitative PCR. {B) Southem blots 
containing genomic DNA (10 jag) digested with EcdRi 
{WISP-1) oxXbal {c-myc) were hybridized with a 100-bp 
human WISP-1 probe (amino acids 186-219) or a human c- 
myc probe (located at bp 1901-2000). The WISP and myc 
genes are detected in normal human genomic DNA after a 
longer film exposure. 



We next examined whether the WISP genes were amplified in a panel of 25 primary human colon 

adenocarcinomas. The relative WISP gene copy number in each colon tumor DNA was compared with 

pooled normal DNA fi-om 10 donors by quantitative PCR (Fig. 6). The copy number of WISP-1 and 

WISP-2 was significantly greater than one, approximately 2-fold for WISP-1 in about 60% of the tumors 

and 2- to 4-fold for WISP-2 in 92% of the tumors {P < 0.001 for each). The copy number for WISPS 

was indistinguishable from one {P = 0.166). In addition, the copy number of WISP-2 was significantly 
higher than that of WISP-1 {P < 0.001). 



Fig. 6. Genomic amplification of WISP genes in human 
colon tumors. The relative gene copy number of the WISP 
genes in 25 adenocarcinomas was assayed by quantitative 
PCR, by comparing DNA firom primary human tumors with 
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pooled DNA from 1 0 healthy donors. The data are 
means ± SEM from one experiment done in triplicate. The 
experiment was repeated at least three times. 



The levels of WISP transcripts in RN A isolated from 1 9 adenocarcinomas and their matched normal 
mucosa were assessed by quantitative PGR (Fig. 7). The level of WISP-l RNA present in tumor tissue 
varied but was significantly increased (2- to >2 5-fold) in 84% (16/19) of the human colon tumors 
examined compared with normal adjacent mucosa. Four of 19 tumors showed greater than 10-fold 
overexpression. In contrast, in 79% (15/19) of the tumors examined, WISP-2 RNA expression was 
significantly lowe; ivi the tumor than the mucosa. Similar to WISP-I, WISPS RNA was overexpressed in 
63% (12/19) of the loion tumors compared with the normal mucosa. The amount of overexpression of 
WISP-3 ranged from 4- to >40-fold. 
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Fig. 7. WISP RNA expression in primary human colon 
tumors relative to expression in normal mucosa from the 
same patient. Expression of ^ZSF mRNA in 
1 9 adenocarcinomas was assayed by quantitative PGR. The 
Dukes stage of the tumor is listed under the sample number. 
The data are means ± SEM from one experiment done in 
triplicate. The experiment was repeated at least twice. 
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y DISCUSSION 



One approach to understanding the molecular basis of cancer is to identify 
differences in gene expression between cancer cells and normal cells. 
Strategies based on assumptions that steady-state mRNA levels will differ 
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have been used to clone differential^^ 



between normal and malignant 
expressed genes (31). We have used a PCR-based selection strategy, SSH, to 
identify genes selectively expressed in C57MG mouse mammary epithelial 
cells transformed by Wnt-1 . 
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Three of the genes isolated, WISP-l, WISP'2, and WISPS, are members of the CCN family of growth 
factors, which includes CTGF, Cyr61, and wov, a family not previously linked to Wnt signaling. 

Two independent experimental systems demonstrated that WISP induction was associated with the 
expression of Wnt- 1 . The first was C57MG cells infected with a Wnt- 1 retroviral vector or C57MG cells 
expressing Wnt-1 under the control of a tetracyline-repressible promoter, and the second was in Wnt-1 
transgenic mice, where breast tissue expresses Wnt-1, whereas normal breast tissue does not. No WISP 
RNA expression was detected in manunary tumors induced by polyoma virus middle T antigen (data not 
shown). These data suggest a link between Wnt- 1 and WISPs in that in these two situations, WISP 
induction was correlated with Wnt-1 expression. 

It is not clear whether the WISPs are directly or indirectly induced by the downstream components of the 
Wnt-1 signaling pathway (i.e., p-catenin-TCF-l/Lefl). The increased levels of WISP RNA were 
measured in Wnt-1 -transformed cells, hours or days after Wnt-1 transformation. Thus, WISP expression 
could result from Wnt-1 signaling directly through p-catenin transcription factor regulation or 
alternatively through Wnt- 1 signaling turning on a transcription factor, which in turn regulates WISPs. 

The WISPs define an additional subfamily of the CCN family of growth factors. One striking difference 
observed in the protein sequence of WISP-2 is the absence of a CT domain, which is present in CTGF, 
Cyr61, nov, WISP-1, and WISP-3. This domain is thought to be involved in receptor binding and 
dimerization. Growth factors, such as TGF-p, platelet-derived growth factor, and nerve growth factor, 
which contain a cystine knot motif exist as dimers (32). It is tempting to speculate that WISP-1 and . 
WISP-3 may exist as dimers, whereas WISP-2 exists as a monomer. If the CT domain is also important 
for receptor binding, WISP-2 may bind its receptor through a different region of the molecule than the 
other CCN family members. No specific receptors have been identified for CTGF or nov. A recent report 
has shown that integrin ^^^3^ serves as an adhesion receptor for Cyr61 (33). 

The strong expression of WISP-l and WISP'2 in cells lying within the fibrovascular tumor stroma in 
breast tiunors from Wnt- 1 transgenic animals is consistent with previous observations that transcripts for 
the related CTGF gene are primarily expressed in the fibrous stroma of mammary tumors (34). 
Epithelial cells are thought to control the proliferation of connective tissue stroma in manunary tumors 
by a cascade of growth factor signals similar to that controlling connective tissue formation during 
wound repair. It has been proposed that mammary tumor cells or inflammatory cells at the tumor 
interstitial interface secrete TGF-pi, which is the stimulus for stromal proliferation (34). TGF-pl is 
secreted by a large percentage of malignant breast tumors and may be one of the growth factors that 
stimulates the production of CTGF and WISPs in the stroma. 



It was of interest that WISP- 1 and WISP'2 expression was observed in the stromal cells that surrounded 



)^^e Wnt-1 transgenic mouse sections 



the tumor cells (epithelial cells) Wthe Wnt*l transgenic mouse sections oRreast tissue. This finding 

suggests that paracrine signaling could occur in which the stromal cells could supply WISP-1 and WISP- 

2 to regulate tumor cell growth on the WISP extracellular matrix. Stromal cell-derived factors in the 

extracellular matrix have been postulated to play a role in tumor cell migration and proliferation (35). 

The localization of WISP-I and WISP-2 in the stromal cells of breast tumors supports this paracrine 
model. 



An analysis of WISP-l gene amplification and expression in human colon tumors showed a correlation 
between DNA amplification and overexpression, whereas overexpression of WISP'3 RNA was seen in 
the absence of DNA amplification. In contrast, WISP-2 DNA was amplified in the colon tumors, but its 
mRNA expression was significantly reduced in the majority of tumors compared with the expression in 
normal colonic mucosa from the same patient. The gene for human WISP-2 was localized to 
chromosome 20ql2-20ql3, at a region frequently amplified and associated with poor prognosis in node 
negative breast cancer and many colon cancers, suggesting the existence of one or more oncogenes at 
this locus ( 36-38 ). Because the center of the 20ql3 amplicon has not yet been identified, it is possible 
that the apparent amplification observed for WISP'2 may be caused by another gene in this amplicon. 

A recent manuscript on rCop-1, the rat orthologue of WISP''2, describes the loss of expression of this 
gene after cell transformation, suggesting it may be a negative regulator of growth in cell lines ( 1 6). 
Although the mechanism by which WISP-2 RNA expression is down-regulated during malignant 
transformation is unknown, the reduced expression of WISP'2 in colon tumors and cell lines suggests 
that it may function as a tumor suppressor. These results show that the WISP genes are aberrantly 
expressed in colon cancer and suggest that their altered expression may confer selective growth 
advantage to the tumor. 

Members of the Wnt signaling pathway have been implicated in the pathogenesis of colon cancer, breast 
cancer, and melanoma, including the tumor suppressor gene adenomatous polyposis coli and p-catenin 
(39). Mutations in specific regions of either gene can cause the stabilization and accumulation of 
cytoplasmic p-catenin, which presumably contributes to human carcinogenesis through the activation of 
target genes such as the WISPs, Although the mechanism by which Wnt-1 transforms cells and induces 
tumorigenesis is unknown, the identification of WISPs as genes that may be regulated downstream of 
Wnt-1 in C57MG cells suggests they could be important mediators of Wnt-1 transformation. The 
amplification and altered expression patterns of the WISPs in human colon tumors may indicate an 
important role for these genes in tumor development. 
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